DESCRIPTION 



NON-CONTACT IC SYSTEM AND MOBILE TERMINAL 



TECHNICAL FIELD 

The present invention relates to a non-contact IC system and a mobile 
terminal for transmitting and receiving data using electromagnetic waves as a 
medium. In particular, it relates to a non-contact IC system in which a 
non-contact IC module is mounted in a terminal such as a mobile telephone. 

BACKGROUND ART 

Recently, IC cards containing IC modules are becoming rapidly common 
because they can achieve much higher security than magnetic cards. Particularly, 
a non-contact IC card that makes use of data transmission by electromagnetic 
induction or the like via radio waves has the advantage of being able to operate 
with high reliability in a very dusty environment because its IC module is not 
exposed to the outside. 

The non-contact IC card operates by utilizing radio waves emitted by an 
IC card reader/writer as electric power via electromagnetic induction in an antenna 
coil. The non-contact IC card is not always provided with stable electric power 
because electric power is supplied via radio waves as a medium. In order to 
assure a stable power supply, non-contact IC cards or non-contact IC systems 
equipped with an external power source such as a secondary cell, a capacitor, or a 
battery have been suggested. 

With regard to the provision of power supply to a non-contact IC card, JP 
Patent Publication (Kokai) No. 2000-90220 A discloses a non-contact IC card 
comprising a secondary cell or a capacitor, and a charging circuit that charges the 
secondary cell or the capacitor by receiving electric power supplied via an antenna 
coil. Also, JP Patent Publication (Kokai) No. 2003-36427 A discloses a 
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semiconductor integrated circuit that can seamlessly switch between electric 
power supplied via the antenna coil and an external power source such as a battery. 

However, such conventional non-contact IC cards are problematic in the 
following respects. 

In order to stably operate a non-contact IC system equipped with a 
charging system which charges a secondary cell or a capacitor, in a weak or 
unstable radio wave environment, the secondary cell or the capacitor needs to have 
been charged. Although it is possible to stably operate the system at all times 
with a constant supply of electric power from an external power source such as a 
battery, this would result in an increase in power consumption of such battery. In 
the proposed semiconductor integrated circuit that can seamlessly switch between 
electric power supplied via the antenna coil and electric power supplied from an 
external power supply such as a battery, no specific method for realizing power 
supply control of the non-contact IC system in a mobile terminal such as a mobile 
telephone has been disclosed. 

The present invention has been made in consideration of such problems, 
and it is an object of the present invention to provide a non-contact IC system and 
a mobile terminal capable of performing stable communication even when the 
power supply by electromagnetic induction via radio waves is weak or unstable. 

DISCLOSURE OF THE INVENTION 

An IC card system of the invention comprises an antenna coil, an IC 
module, and a battery. It is a non-contact IC system for receiving electric power 
and communication information via radio waves received by the antenna coil. 
The IC card system of the invention is characterized in that it comprises an electric 
power detection means for detecting electric power supplied via the antenna coil, 
and a control means for controlling a drive power supply to the IC module based 
on detection results from the electric power detection means. 

An IC card system of the invention comprises an antenna coil, an IC 
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module, and a battery. It is a non-contact IC system for receiving electric power 
and communication information via radio waves received by the antenna coil. 
The IC card system of the invention is characterized in that it comprises a switch 
for supplying electric power to the IC module, and a control means for controlling 
a drive power supply to the IC module in accordance with a change in the state of 
the switch. 

More preferably, a system further comprises a communication state 
detection means for detecting the communication state of the IC module, and the 
control means controls the drive power supply to the IC module based on detection 
results from the communication state detection means. 

A system may comprise further a switch for supplying electric power to 
the IC module, and the control means may control the drive power supply to the IC 
module in accordance with a change in the state of the switch. 

Also, a system may comprise an interface comprised of the antenna coil 
and the IC module, and a central arithmetic processing unit for performing various 
controls based on information from the interface, wherein the central arithmetic 
processing unit controls the drive power supply for the control means. 

Preferably, the battery is provided with a regulator for providing a 
predetermined drive power to the IC module. 

In a more preferable embodiment, the IC module receives electric power 
and communication information from the IC card reader/writer using 
electromagnetic waves as a medium. 

A mobile terminal in accordance with the invention comprises the 
non-contact IC system according to any one of claims 1 to 4. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 A shows a front view of a mobile terminal to which a non-contact IC 
system according to a first embodiment of the invention is applied. Fig. IB 
shows a rear view of a mobile terminal employing the non-contact IC system. 



3 



Fig. 2 is a block diagram showing the structure of the non-contact IC 

system. 

Fig. 3 is a control sequence diagram showing a power supply control 
operation of the non-contact IC system. 

Fig. 4 is a control sequence diagram showing a power supply control 
operation of a non-contact IC system according to a second embodiment of the 
invention. 

BEST MODES FOR CARRYING OUT THE INVENTION 

The invention will be described in greater detail with reference to the 
attached drawings. 

First Embodiment 

Fig. lA is a front view of a mobile terminal employing a non-contact IC 
system according to a first embodiment of the invention, and Fig. IB shows its 
rear view. This is an example in which the invention is applied to a 
communication terminal such as a mobile telephone in which a non-contact IC 
module is mounted. 

In Figs. lA and IB, numeral 100 designates a mobile telephone (mobile 
terminal), and numeral 1 designates the non-contact IC system housed in the 
mobile telephone 100. 

Conventional non-contact IC cards do not have an external power source 
such as a secondary cell or a battery but utilize electric power by electromagnetic 
induction via the antenna coil as drive power to the IC module. In contrast, the 
non-contact IC system 1 of the invention utilizes electric power supplied from the 
battery of the mobile telephone 100 as drive power, and the electric power by 
electromagnetic induction is primarily utilized for making a decision in controlling 
the power supply to the IC module. 

Fig. 2 is a block diagram showing the structure of the non-contact IC 
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system 1. 

In Fig. 2, numeral 1 designates the non-contact IC system, and numeral 2 
designates an IC card reader/writer. 

The non-contact IC system 1 is comprised of an antenna coil 11, an IC 
module 12 for receiving electric power and communication information via radio 
waves received by the antenna coil 1 1 , a central arithmetic processing unit 1 3 (a 
control means and a communication state detection means) for controlling the 
entire system and the drive power supply to the IC module 12, a regulator 14 
connected to a battery 16 for supplying a predetermined drive power to the IC 
module 12, a voltage detection circuit 15 (power detection means) for detecting 
the electric power supplied via the antenna coil 11, the battery 16 comprised of 
secondary cells or the like, a bus 17, and a switch 18. The IC module 12 is 
comprised of a control circuit 21, a power supply circuit 22, and a communication 
circuit 23. 

The central arithmetic processing unit 13 is comprised of a microcomputer 
including a CPU and a ROM, RAM, EEPROM (electrically erasable 
programmable ROM), or the like for storing a program executed by the CPU, or 
data. It controls the drive power supply to the IC module 12 in accordance with 
the results of detection of the electric power supplied via the antenna coil 1 1 and 
with the communication state of the IC module 12. The central arithmetic 
processing unit 1 3 may be constructed as a dedicated central arithmetic processing 
unit for the system for performing various controls in the non-contact IC system 1 . 
Alternatively, a control unit may be comprised of the CPU and the like in the 
mobile telephone and may double as such a unit of the non-contact IC system to 
run a drive power supply control program. Further alternatively, an electronic 
circuit may be used in which a sequential control is performed using a timer, 
without using the processor or the like. 

The switch 18 is comprised of a physical switch, such as a push button, 
and/or a software switch using the menu or options configuration on the mobile 
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telephone 100. 

In the non-contact IC system 1, the IC module 12, the central arithmetic 
processing unit 13, the regulator 14, the voltage detection circuit 15, and the 
switch 18 are connected via the bus 17. 

The antenna coil 11 and the IC module 12 form an interface (I/F) from 
which the central arithmetic processing unit 13 receives information for 
performing various controls and a drive power supply control, which will be 
described later. 

The following describes the operation of the non-contact IC system 
structured as described above. First, an electric power detecting operation 
performed between the non-contact IC system 1 and the IC card reader/writer 2 is 
described. 

As a radio wave emitted by the IC card reader/writer 2 arrives at the IC 
module 12 via the antenna coil 11, an electromagnetically induced voltage in the 
IC module 12 increases due to electromagnetic induction in the antenna coil 11. 
A voltage change due to the increase in the electromagnetically induced voltage is 
detected by the voltage detection circuit 15 and then conveyed to the central 
arithmetic processing unit 13 via the bus 17. The voltage detection circuit 15 
constitutes a detection means for detecting the electric power produced by 
electromagnetic induction. 

Also, the radio wave emitted by the IC card reader/writer 2 arrives at the 
IC module 12 via the antenna coil 11. When this wave contains a communication 
wave, the IC module 1 2 performs communication with the IC card reader/writer 2 
via the antenna coil 11. A communication start or end signal detected by the IC 
module 12 is conveyed to the central arithmetic processing unit 13 via the bus 17. 
In this way, the communication state of the IC module 12 is detected. 

The central arithmetic processing unit 13 controls the regulator 14 via the 
bus 1 7 in accordance with the detection results and turns on or off the drive power 
supply to the IC module 12. The central arithmetic processing unit 13 constitutes 
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a means for controlling the drive power supply to the IC module 12. 

Fig. 3 is a control sequence diagram showing the power supply controlling 
operation in the non-contact IC system 1 . 

As the antenna coil 11 detects a weak electric power carrier wave, 
electromagnetic induction soon occurs in the antenna coil 11. The alternating 
current produced by the electromagnetic induction is rectified in the power supply 
circuit 22 in the IC module 12 and outputted to the voltage detection circuit 15 as 
an electromagnetically induced voltage. The voltage detection circuit 15 detects 
a voltage change and gives a notification to the central arithmetic processing unit 
13. The central arithmetic processing unit 13 then starts the timer in preparation 
for the provision of electric power to the IC module 12 (step 201). Thereafter, 
the central arithmetic processing unit 13 controls the regulator 14 so as to start the 
provision of electric power to the IC module 12 (step 202). 

The IC module 12 starts communication with the IC card reader/writer 2 
after receiving electric power, and notifies the central arithmetic processing unit 
13 of the start of conmiunication. The central arithmetic processing unit 13 
resets the set time in the timer upon receiving notification about the 
communication start (step 203). Upon completion of communication with the IC 
card reader/writer 2, the IC module 12 notifies the central arithmetic processing 
unit 13 of the end of communication. The central arithmetic processing unit 13 
then resets the set time in the timer upon receiving notification of the end of 
communication (step 204). 

When the timer runs out, the central arithmetic processing unit 13 stops 
the timer (step 205). In response to the time-out, the central arithmetic 
processing unit 13 controls the regulator 14 so as to terminate the power supply to 
the IC module 12 (step 206). The timer is used for processing the termination of 
power supply, the detection of error in electric power carrier wave, the detection of 
communication abnormalities, and the resumption of communication immediately 
after the termination of communication. The timer may be set such that power 
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supply is automatically terminated either in a certain time or immediately after 
electric power ceases to be detected. 

Following step 201, if there is no notification of communication start from 
the IC module 12 after a predetermined time, step 205 is carried out assuming an 
error detection in the electric power carrier wave, whereby the power supply to the 
IC module 12 is terminated. Also, following step 203, if there is no notification 
of the end of communication from the IC module 12 after a predetermined time, 
step 205 is carried out assuming a communication abnormality, whereby power 
supply to the IC module 12 is terminated. 

After step 204, in consideration of the possibility of the resumption of 
communication, the communication state is monitored for a predetermined time. 
The detection of voltage change is ignored for a predetermined time so that the 
voltage detection circuit 1 5 will not detect a voltage change immediately after the 
termination of power supply to the IC module 12 at step 206. The set times in the 
timer that are set at step 201, 203, and 204 are each suitably set. 

As described above, the non-contact IC system 1 of the invention is 
mounted within the casing of the mobile telephone 100 and is comprised of the 
antenna coil 11, the IC module 12 for receiving electric power and communication 
information via electric waves received by the antenna coil 11, the central 
arithmetic processing unit 1 3 for controlling the entire system and the drive power 
supply to the IC module 12, the regulator 14 for supplying the drive power to the 
IC module 12, the voltage detection circuit 15 for detecting the electric power via 
the antenna coil 11, the battery 16, the bus 17, and the switch 18. Because the 
central arithmetic processing unit 13 controls the drive power supply to the IC 
module 1 2 in accordance with the result of detection of the electric power supplied 
via the antenna coil 11 and the communication state of the IC module 12, stable 
communication can be achieved even when the power supply by electromagnetic 
induction via radio waves is weak or unstable. 

In conventional non-contact IC systems in which electric power is 



8 



constantly supplied to the IC module, battery power is consumed even when no 
communication is being performed. However, in accordance with the 
non-contact IC system of the invention, because the central arithmetic processing 
unit 13 monitors the electric power by electromagnetic induction in the antenna 
coil 11 and the communication of the IC module 12, the power supply to the IC 
module 12 can be limited to the communication period. Therefore, battery power 
consumption can be minimized. 

In addition, even when the power supply by radio waves is weak or 
unstable due to the distance from the IC card reader/writer 2, for example, stable 
communication can be achieved because stable supply of power from the battery 
16 is enabled. Also, as compared with conventional non-contact IC cards, the 
communication distance from the IC card reader/writer 2 can be increased. 

Second Embodiment 

Fig. 4 shows a control sequence diagram of a power supply control 
operation in the non-contact IC system according to a second embodiment of the 
invention. The steps that are carried out for the same control sequence as in Fig. 
3 are indicated with the same reference numbers, and the explanations of the 
overlapping portions are omitted. The hardware structure of the non-contact IC 
system of the embodiment is the same as that shown in Fig. 2. 

In the first embodiment, the detection of voltage change in the voltage 
detection circuit 15 was described as a trigger for carrying out step 201. Instead, 
in the second embodiment, as shown in Fig. 4, a change in the state of the switch 
1 8 is detected as such a trigger. 

Namely, the central arithmetic processing unit 13 monitors a change in the 
switch 18. Upon detection of a change, the central arithmetic processing unit 13 
starts the timer in preparation for the providing of electric power to the IC module 
12 at step 201. Thereafter, it controls the regulator 14 and initiates the provision 
of electric power to the IC module 12 (step 202). The subsequent operations for 
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power supply control are the same as those of the first embodiment. 

In accordance with the second embodiment, because the user of the 
non-contact IC system can anticipate communication with the IC card 
reader/writer 2, he or she can change the state of the switch 18 before initiating 
communication. This makes it possible to provide electric power to the IC 
module prior to radio wave reception. Hence, communication can be initiated 
immediately after radio wave reception, whereby communication time can be 
shortened. 

While the above-described embodiments show examples where the 
non-contact IC system is built inside the casing of the mobile telephone 100, the 
invention may be applied to any type of mobile terminals as long as it involves a 
non-contact IC system. Examples of electronic devices that can function as the 
terminal for the non-contact IC system 10 include, in addition to the mobile 
communication terminals such as mobile telephones and PHS (personal 
handy-phone systems), mobile information terminals such as laptop personal 
computers and PDA's (personal digital assistants). 

While the embodiments showed examples where the non-contact IC 
system 1 is mounted within the casing of the terminal, the system may be 
incorporated in the terminal device or the like as a non-contact IC system function. 
Alternatively, it may be constructed as a non-contact IC card such that the battery 
and/or the function for controlling the drive power supply to the IC module depend 
on the terminal device. In this case, the battery of the terminal device would be 
shared with the IC module, and the control unit of the terminal device would 
perform the IC module drive power control function. In any event, because the 
non-contact IC system is mounted on the mobile terminal device, the battery, the 
central arithmetic processing unit, or the like can be shared with the mobile 
terminal device. As a result, the invention can be implemented easily without 
increasing the number of components and at low cost. 

While the embodiments referred to the term "non-contact IC system," this 
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is for explanatory purposes only, and other terms, such as "power supply device," 
or "power supply control device," may be employed. Further, the non-contact IC 
system may be in the form of a non-contact IC card, such as the EO-card from East 
Japan Railway Company, for example. 

Furthermore, the type or number of the IC module, voltage detection 
circuit, regulator, and the like, of which the non-contact IC system is comprised, 
as well as the manner of setting or resetting the timer, are not limited to those 
described in the above embodiments. 

INDUSTRIAL APPLICABILITY 

As specifically described above, in accordance with the invention, power 
supply can be limited to the communication period, so that battery power 
consumption can be minimized. Also, stable communication can be achieved 
even when the power supply by electromagnetic induction via radio waves is weak 
or unstable. 
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